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T.K. IRAGAVARAPU* AND G.W. RANDALL
ABsTRAcr
Current corn (Zea mays L.) and soybean (Glycine max L.) production practices used by many US farmers are
quite energy intensive while allowing excessive soil erosion. An experiment was conducted at two locations
in southern Minnesota on a Webster clay loam soil to investigate narrow (4.57-m), alternate strip systems
planted on ridges (ridge tillage). A 3-crop [corn-soybean-wheat (Triticum aestivum L.) interseeded with Nitro
alfalfa (Medicago sativa L.) or hairy vetch (Vicia villosa Roth)] system was compared to a conventional cornsoybean strip system. Rows were oriented N-S at one location and E-W at the other. Results from 3 years
suggest that narrow alternate strips of corn, soybean, and wheat in a ridge-till system provide excellent surface
residue coverage and satisfy erosion control goals. Corn production was increased by 3 o/o with E-W rows and
13o/o with N-S rows due to the positive border effects in the narrow strips. Soybean yields in strips alternated
only with corn were reduced by 7 o/o CN-S rows) and 10 o/o CE-W rows) due to competition and shading by the
corn. When grown in a 3-crop system, soybean yields were reduced only by 3 o/o (N-S rows) and 5 o/o (E-W
rows) because of less shading when bordered by wheat. Wheat yields were unaffected by the border crops
in the E-W scenario and were reduced by 10 o/o in the west 1/ 3 strip bordering corn in the N-S rows. Wheat
introduced into the traditional corn-soybean strip system not only reduced border effects on soybeans but also
aided interseeding of legumes. In the unusually cool and wet year of 1993, legumes provided a nitrogen credit
of about 45 kg N ha-l.
l.NTRODUCfiON

Strip intercropping is a practice in which two or
more crops are grown simultaneously in contiguous
strips. Alternating narrow strips of tall and short crops
has been practiced infrequently for centuries,
especially in small, intensive production systems and
in agriculturally underdeveloped countries. The goal
has been to use sunlight more efficiently for
maximizing crop production. In the USA, narrow,
alternate strip cropping systems have been receiving
greater attention recently, probably because very
reduced tillage systems (no tillage and ridge tillage),
which easily aid use of these strips, are becoming
more popular.
Corn and soybean strip intercropping has received
much attention in the farm press in the last few years
(1, 2, 3, 4). Farmers attributed increased corn yields to
better light interception in the border rows compared
to nonborder rows. Scientific literature consistently
documented increased corn yield in the border rows in
this alternate corn-soybean strip system and decreased
soybean yields in the border rows compared to
nonborder rows (5, 6, 7). Radke and Burrows (8)
conducted a study using corn as a temporary
windbreak in soybean fields in western Minnesota.
The authors observed that soybean plants adjacent to

corn windbreaks were not as productive as the rest of
the windbreak-sheltered soybeans due to shading
effects and root competition from the corn. Lesser
soybean yields were attributed to competition between
corn and soybean for water, light, and nutrients due to
the similarities in growth habits of the crops (6).
Pendleton et al. (5) concluded that the advantage to
strip cropping depends on relative potential yields and
prices of the two crops.
A new approach to strip cropping in the Midwest,
practiced by some farmers in Minnesota and Iowa,
introduces a small grain crop (either oat [Avena sativa
L.) or wheat) into the traditional 2-crop system.
Incorporating narrow strips of wheat into the
traditional corn-soybean sequence should reduce
negative border effects of corn on the adjacent
soybean rows without sacrificing wheat yields. Wheat,
a cool season crop, is unaffected by shading because
it heads out before corn gets tall enough to shade it.
When a small grain was planted between corn and
soybean strips, researchers in Canada (5)) observed that
soybean yield in the row bordering small grain was
similar to that of nonborder rows but yield in the row
bordering corn was 18o/o less than in the nonborder
rows. In addition, wheat added as a third crop to this
system should help interrupt disease and insect cycles
associated with the 2-crop system, will allow

7 Contribution from the University of Minnesota, Southern Experiment Station, 35838 120th Street, Waseca, MN 56093-4521.
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Table 1. Corn grain yield in a corn-soybean-wheat rotation as influenced by row position and directiont.
Row
Row
Direction
East-West
North-South

2
3&4
5
6
1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mg ha- 1 - - 10.0
8.9
9.4
9.2
11.1
11.2
9.0
8.5
8.8
11.4

LSD
(0.05)

Yield advantage of
6-row strip:!:

- - - - - - - - - - - - - - - - - - - - - - - - -

0.59
0.64

0.3
1.1

t 3-yr (1991-1993) averages at the 135-kg ha- 1 N rate.

* Yield advantage of 6-row strip compared to the center two rows, which are assumed to represent the wholefield situation.

Table 2. Corn grain yield in a corn-soybean rotation as influenced by row position and directiont.
Row
Row
Direction
East-West
North-South

LSD
Yield advantage of
2
3&4
5
6
(0.05)
6-row strip:!:
1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mg ha -1 - - - - - - - - - - - - - - - - - - - - - - - - - - - 10.4
10.0
9.9
9.9
12.1
0.68
0.5
10.2
8.4
8.3
8.3
10.9
0.56
0.8

t 3-yr (1991-1993) averages at the 135-kg ha-l N rate.

* Yield advantage of 6-row strip compared to the center two rows, which are assumed to represent the wholeTable 3. Soybean seed yield in a corn-soybean-wheat rotation as influenced by row position and directiont.
Row
Row
Direction
East-West
North-South

LSD
Yield advantage of
3&4
5
6
(0.05)
6-row strip:!:
1
2
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mg ha-l - - - - - - - - - - - - - - - - - - - - - - - - - - - 2.51
2.53
2.37
0.31
-0.13
2.10
2.27
1.74
2.09
2.14
2.23
2.13
0.25
-0.09

t 3-yr (1991-1993) averages.

* Yield advantage of 6-row strip compared to the center two rows, which are assumed to represent the wholefield situation.

compared to the center two rows in the E-W row
orientation (Table 3). In N-S rows, row 6 (next to
wheat) yields were similar to the center two rows
while the row bordering corn (row 1) suffered 19 o/o
yield loss (P< 0.05) compared to the center two rows.
The strip yields were 0.13 and 0.09 Mg ha-l less for the
E-W and N-S systems, respectively, compared to
estimated whole-field averages. Fortin et al. (9) also
reported that soybean yield in the row next to the
small grain strip was equal to the yields of nonborder
rows and significantly higher than the yield of the row
next to corn.
When soybean was alternated only with corn in
the 2-crop system, yields were decreased much more
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severely (Table 4). Outside rows (rows 1 & 6)
bordering corn averaged 23 o/o Jess yield than the
center two rows in the E-W system, and 18 o/o less yield
in the N-S system. West and Griffith (7) reported 27 o/o
yield reduction in the outside soybean rows compared
to unstripped rows. The soybean row on the north
side of com CE-W system) and east side of com (N-S
system) produced 33 and 26 o/o less yield, respectively,
than the center two rows (P < 0.05). Seed yields for
the 6-row alternate strips were decreased by 0.24 Mg
ha-l in the E-W system and 0.15 Mg ha-l in the N-S
system compared to the whole-field averages.
Wheat yields averaged across the 3 years were
unaffected (P < 0.05) either by the com or soybean
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interseeding of legumes to fix N, and should curtail
soil erosion considerably. Potential erosion on a
Sharpsburg silty clay loam (Typic Argiudoll) in
Nebraska was estimated by Francis et al. (10) to be
only 13% of maximal erosion (106 Mg ha- 1 yr-1) when
a small grain was introduced into a contour strip cornsoybean rotation. The maximal erosion was calculated
for a corn-soybean rotation with tillage practices
leaving no residue on the soil surface and no
conservation practices.
The objectives of this study were to determine: (i)
the production impact of wheat introduced into a
corn-soybean alternate strip system planted on ridges
and (ii) the potential of this 3-crop system to minimize
soil losses due to erosion.

M.A'rEruAI.s AND METHODS
Studies were started during 1991 and continued
through 1993 in Waseca County with an east-west row
orientation and in Freeborn County with north-south
rows. Soybean strips were always located south of
corn strips and wheat strips were south of soybean
strips for the east-west row condition.
This
arrangement minimized shading at the strip borders
because the wheat on the north side of the corn was
almost mature by the time of shading by the com. In
the north-south rows, wheat was always located on the
east side of the corn strips while soybean was on the
west side of the corn so that soybean was not shaded
by corn in the afternoon. At both locations, the soil
type is a Webster clay loam (fine-loamy, mixed, mesic
Typic Haplaquoll) and the whole experimental area
was planted to soybean in 1990. All crops were
planted in 4.57-m wide x 36.6-m long strips on ridges.
Corn was planted in 76-cm rows at a rate of 7.46 plants
m-2 in rows 2 through 5 and 8.9 plants m-2 in the
outside rows (1 & 6). Nitrogen, as ammonium nitrate,
was broadcast-applied at rates of 0, 45, 90, and 135 kg
N ha-l to plots measuring 6 rows wide by 9.15-m long
in each strip. Weeds were controlled with a 37-cm
band-application of alachlor (2-chloro-N-(2,6diethylphenyl)-N-(methoxymethyl) acetamide) at a rate
of 3.4 kg active ingrediant (a.i.) ha-l and cyanazine (2[[4-chloro-6-(ethylamino)-1 ,3, 5-triazine-2-yllamino)-2methylpropanenitrile) at 2.8 kg a.i ha- 1 and ridge-till
cultivation. Hand-harvest grain yields were obtained
from a 7.6-m section within each row of each plot.
Soybean was planted at a rate of 41 plants m- 2 in
76-cm wide rows. Weeds were controlled with 37-cm
wide preemergence band-application of alachlor at a
rate of 3.4 kg a.i ha- 1 and post emergence application
of imazetha pyr {(±)- 2-[ 4, 5-dihydro-4-methyl-4-(1 methylethy 1)- 5-oxo-1 H-imidazol- 2-y 1)- 5-ethyl-3pyridinecarboxylic acid} at 0.07 kg a.i. ha- 1 and by
ridge cultivation. Individual rows were harvested with
a plot combine.
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Spring wheat was planted at a rate of 105 kg ha-1
with a minimum-till drill in 20-cm wide rows after a
broadcast-application of urea at 56 kg N ha-l.
Broadleaf weeds, when present, were controlled with
a broadcast-application of bromoxynil (3,5-dibromo-4hydroxybenzonitrile) at a rate of 0.28 kg a.i. ha- 1.
Wheat grain and straw yields were obtained each year
by harvesting 1.5-m wide, full-length sections of each
strip. Additionally, yields were taken from each row
by hand-harvesting a 4.6-m long section.
Alfalfa was companion seeded with spring wheat
at a rate of 11.2 kg ha-l and hairy vetch was planted
at a rate of 33.6 kg ha- 1 soon after wheat harvest. The
legumes were planted with a minimum-till drill.
Yields of individual com and soybean rows in the
3-crop strip rotations were compared to those of
conventional com-soybean alternate strip system. All
treatments were replicated four times in a randomized,
complete-block design.
Variances in the data were analysized using the
procedure of SAS (ANOVA; 11) and row means were
compared with Fisher's protected least significant
difference (LSD) at 0.05 level.
REsULTS AND DISCUSSION

Crop Yields: Yield advantage of narrow strips for
corn in the 3-crop (wheat-corn-soybean) rotation was
0.3 Mg ha- 1 in the E-W system and 1.1 Mg ha- 1 in the
N-S row orientation compared to estimated wholefield (center two rows) averages (Table 1). Yields of
the outside two rows (row 1 & 6) were significantly
greater (P < 0.05) compared to nonborder rows for
both row orientations. For the E-W row scenario, row
1 (next to wheat) and row 6 (next to soybean)
produced 6 and 18 % more yield, respectively,
compared to the average of the center two rows.
When the rows were oriented N-S, the yield advantage
was 32 and 34 o/o for rows 1 and 6, respectively,
compared to the center two rows. Fortin et a!. (9)
observed a 9 and 21 %yield advantage for row 1 and
6, respectively, compared to the center two rows in a
N-S row orientation.
In a com-soybean alternate strip system, yield
advantage for the narrow strips was 0.5 Mg ha- 1 forEW system and 0.8 Mg ha-l for N-S row orientation
(Table 2). Row 1 and 6 averaged 5 and 22 % more
yield (P < 0.05), respectively, compared to the center
two rows in the E-W rows while in the N-S row
orientation row 1 and 6 yielded 23 and 31 %, more (P
< 0.05), respectively, compared to the center two
rows. In a N-S row orientation West and Griffith (7)
reported 26 % higher yields for the outside corn rows
compared to unstripped rows in a corn-soybean strip
system.
Soybean yields were depressed 16% (P < 0.05) for
row 1 (next to corn) and 6 % for row 6 (next to wheat)
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Table 4. Soybean seed yield in a com-soybean rotation as influenced by row position and directiont.
Row
Row
Direction
East-West
North-South

LSD
Yield advantage of
2
3&4
5
6
(0.05)
6-row striP*
1
1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mg ha- - - - - - - - - - - - - - - - - - - - - - - - - - - - 2.09
2.24
2.42
2.27
1.62
0.31
-0.24
1.63
2.08
2.21
2.17
2.00
0.30
-0.16

t 3-yr (1991-1993) averages.

* Yield advantage of 6-row strip compared to the center two rows, which are assumed to represent the wholefield situation.

Table 5. Border effects on wheat yields as influenced by row position and directiont.
Row
Row
LSD
Yield advantage of
Direction
N1/3 or E1/3
Center 1/3
S1/3 or ®1/3
(0.05)
6-row strip:!=
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mg ha-l - - - - - - - - - - - - - - - - - - - - - - - - - - - East-West
2.75
ns§
-0.02
2.89
2.85
North-South
2.87
2.83
2.55
0.25
-0.08
t 3-yr (1991-1993) averages

* Relative yield advantage of the 4.57-m strip compared to the center 1.52-m, which is
§

assumed to represent the

whole-field situation.
ns = Not significant

borders in the E-W strips (Table 5). While in the N-S
strips wheat yields were reduced by 10% (P < 0.05)
along the west one-third of the strip compared to the
center one-third. Yields of individual rows (data not
shown) planted directly in the valleys between the
ridges were generally less than yields of rows planted
on ridges. Yields of the outside rows were unaffected
by the com and soybean borders.
Crop residue and nitrogen response:
Surface
residue coverage before planting was ideal for all
crops (Table 6). In response to the 1985 Food Security
Act, the Soil Conservation Service specifies that at least
30 % of the soil surface on highly erodible land must

Table 6. Surface residue coverage as
influenced by previous crop at Freeborn Co.t
Previous
crop

Before
planting

t 1992-1993 average
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72
59
82
87
90

reduce soil erosion losses. After planting, residue
coverage was still > 30 % following com and wheat.
Residue coverage after soybean was only 24 %, but
this was offset by mid-May with a well-established
stand of wheat (soybean is followed by wheat in the
3-crop rotation) capable of providing excellent erosion
control.
Nitro alfalfa and hairy vetch interseeded into
wheat in 1991 reduced com yields the following year.
Neither the alfalfa nor the vetch winter-killed; thus,
spring regrowth was abundant in 1992. Scalping the
ridges before planting was insufficient to kill the

Table 7. Nitrogen fertilizer response of com
following wheat in a com-soybean-wheat
rotation at Waseca Co. in 1993.

After
planting

---------%-------Com
Soybean
Wheat
Wheat + Alfalfa
Wheat+ Vetch

be covered with crop residue following planting to

41
24
35
54
49

Previous Crop

Wheat+

Wheat+
Vetch

NRate

Wheat

kg ha-l
0

- - - - - - - - - Mg ha-l - - - - - - - 3.4
5.2
5.6
5.6
6.5
7.3
5.9
7.3
7.4
7.0
7.7
7.5

45
90
135

Alfalfa
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legumes. As a result, the soil was drier in the seed
zone, seed germination and emergence were
somewhat slower, and the regrowth provided too
much competition for corn. In 1993, the alfalfa and
hairy vetch were treated 7 to 10 days before planting
with a herbicide (2,4-D + Banvel). Corn was planted
immediately after the ridges were scalped more deeply
(5 to 7 em). This suppressed the spring regrowth and
provided a much more favorable growth environment
for the com. The N contribution from the two legumes
in 1993 (Table 7) was about 45 kg N ha-l (corn yield
following the legumes without any additional fertilizer
N was similar to corn following wheat alone fertilized
with 45 kg N ha-l).
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